Staphylococcal phosphoenolpyruvate-dependent phosphotransferase system: purification and characterization of the mannitol-specific enzyme IIImtl of Staphylococcus aureus and Staphylococcus carnosus and homology with the enzyme IImtl of Escherichia coli.
Enzyme IIImtl is part of the mannitol phosphotransferase system of Staphylococcus aureus and Staphylococcus carnosus and is phosphorylated by phosphoenolpyruvate in a reaction sequence requiring enzyme I (phosphoenolpyruvate-protein phosphotransferase) and the histidine-containing protein HPr. In this paper, we report the isolation of IIImtl from both S. aureus and S. carnosus and the characterization of the active center. After phosphorylation of IIImtl with [32P]PEP, enzyme I, and HPr, the phosphorylated protein was cleaved with endoproteinase Glu(C). The amino acid sequence of the S. aureus peptide carrying the phosphoryl group was found to be Gln-Val-Val-Ser-Thr-Phe-Met-Gly-Asn-Gly-Leu-Ala-Ile-Pro-His-Gly-Thr-Asp- Asp. The corresponding peptide from S. carnosus shows an equal sequence except that the first residue is Ala instead of Gln. These peptides both contain a single histidyl residue which we assume to carry the phosphoryl group. All proteins of the PTS so far investigated indeed carry the phosphoryl group attached to a histidyl residue. According to sodium dodecyl sulfate gels, the molecular weight of the IIImtl proteins was found to be 15,000. We have also determined the N-terminal sequence of both proteins. Comparison of the IIImtl peptide sequences and the C-terminal part of the enzyme IImtl of Escherichia coli reveals considerable sequence homology, which supports the suggestion that IImtl of E. coli is a fusion protein of a soluble III protein with a membrane-bound enzyme II. In particular, the homology of the active-center peptide of IIImtl of S. aureus and S. carnosus with the enzyme IImtl of E. coli allows one to predict the N-3 histidine phosphorylation site within the E. coli enzyme.